Abstract. Some new sufficient conditions for oscillation of all solutions of parabolic delay differential equations with several positive and negative coefficients are obtained. Our results extend and improve the well known results in the literature.
Introduction
In recent years, there have been a lot of activities concerning the oscillation of parabolic equations with functional arguments, see e.g., [1, 3, [5] [6] [7] [8] [9] and the references therein. In some applications, some diffusion processes are modeled by the parabolic equations of the form duix ti (1.1) -= a(t)Au -pu(x, t) + qu(x, t), (x, t) 6 fi x [i0, oo) = G, where a, p, q are nonnegative coefficients representing the phenomena which determines the diffusion process. For example, in population dynamics the term &Au corresponds to the diffusion due to local concentration, while -pu and qu are corresponding to death and birth rates, respectively. Since such phenomena may lead to instantaneous changes in population size, it is natural to include delays in the models under consideration. Thus in problems of population dynamics, chemical reactions, etc., it is important to be able to generalize (1.1) to delay parabolic equations of the form
.2) -= a(t)Au -p(x,t)u(x,t -a) + q(x,t)u(x,t -T),
and Ladas [5] and established some sufficient conditions for oscillation of all solutions with the boundary condition (Bi) below. In this paper we shall consider the parabolic delay differential equation with several coefficients Together with Eq. (E) we consider three kinds of the boundary conditions:
where N is the unit exterior normal vector to dU, and j(x, t) is a nonnegative continuous function on dCl x [to, 00). Our aim in this paper is to provide some new sufficient conditions for oscillation of all solutions of (E) subject to the boundary conditions (Bi), (B2), (B3) respectively. Our results of the boundary value problem (E), (Bi) extend and improve the oscillation results given by Kreith and Ladas [5] .
is said to be a solution of the problem (E), (Bi) (for example) if it satisfies (E) in the domain G and satisfies the boundary condition (Bi). DEFINITION 2. The solution u(x,t) of the problem (E) is said to be oscillatory in the domain G= fi x [<0,00) if for any positive number \x there exists a point (xi.ii) € fi x [/¿, 00) such that the equality u(xi,ii) = 0 holds. DEFINITION 3 . A function U(t) is called eventually positive (negative) if there exists a number ti > to such that U(t) > 0 (< 0) holds for all ti > to.
Oscillation of boundary value problem (E), (Bi)
In this section we will establish some sufficient conditions for oscillation of all solutions of (E), (Bi). It will be convenient to make the following notations in the remainder of this paper Pi(t) = minpi(a:,t) and Qj(t) = maxqj(x,t).
xefl ign 
Proof. Assume for the sake of contradiction that (E), (Bi) has a nonoscillatory solution. Since the negative solution of (E), (Bi) is also a solution, then without loss of generality we assume that (E), (Bi) has a solution
and observe U(t) > 0 for t> t\. Integrating (E) with respect to x over the domain Q, we have
f2j=l From Green's formula and boundary condition (Bi) it follows that
where dS is the surface element on dfl. Then (2.2) reduces to
n ¿=i nj=i
Using the definition of U(t), Pi(t) and Qj(t), we have n m Proof. Assume for the sake of contradiction, that (E), (Bi) has an eventually positive solution u(x,t). By Theorem 2.1 it follows that the function z(t) is positive solution of the delay differential equation (2. for all x and r > 0, r in the right hand side, we find p t
1). Let A(t) --z (t)/z(t)
Interchanging the order of integration, we find that 
T i=l An integration of (2.1) from t to t+crj gives t+Oi z(t + <Ji) -z(t) + \ Ri(s)z(s -<Ji)ds < 0, t and hence since z(t) is being positive and decreasing, we find

Oscillation of boundary value problem (E), (B2)
In this section we will establish some sufficient conditions for oscillation of all solutions of (E), (B2) and the following fact will be used. For the following Dirichlet problem in the domain fi Pi(t){t) = Pi{t)e and Qk{t) = Qj(t)e l~T i
oscillates. Then every solution of (E), (B2) is oscillatory in G.
Proof. Assume for the sake of contradiction that (E), (B2) has a nonoscillatory solution. Since the negative solution of (E), (B2) is also a solution, then without loss of generality we assume that (E), (B2) has a solution u(x,t) > 0, u(x,t -A*) > 0 and u(x,t -Tj) > 0 in FI X [II,oo) for some h > ¿o. Multiplying (E) by $(x) and integrate with respect to x over the domain ii, we have 
= -ai \u(x,t)$(x)dx, t>ti, ii
where dS is the surface element on dfi. Prom the definitions of V(t), PI(t) and QJ(t) we get The reminder of the proof is now similar to that of Theorem 2.1 and will be omitted. REMARK 3.1. Theorem 3.1 implies that the oscillation of problem (E), (B2) is equivalent to oscillation of the delay differential equation (3.3) . Applying Theorem 3.1.we have the following sufficient conditions for oscillation of all solutions of (E) and (B2). implies that every solution of (E), (B2) i3 oscillatory in G.
The following Theorem gives new sufficient conditions for oscillation of (E), (B2) and the proof is similar to that of Theorem 2.3 by using Eq.(3.3) and hence is omitted. 
Oscillation of boundary value problem (E), (B3)
In this section we establish some sufficient conditions for oscillation of all solutions of (E) and (B3). 
oscillates. Then every solution of (E), (B3) is oscillatory in G.
Proof. Assume for the sake of contradiction that (E), (B3) has a nonoscillatory solution. Since the negative solution of (E), (B3) is also a solution, then without loss of generality we assume that (E), (B3) has a solution u(x,t) > 0, u(x, t -<7j) > 0 and u(x, t -Tj) > 0 in f2 x [ii,oo) for some ii > t 0 . Set U(t) = \ u{x, t)dx, t > ti n then U(t) > 0 for t> t\. Integrating (E) with respect to x over the domain fi, we have implies that every solution of (E), (B3) is oscillatory in G. to i=l ¿=1 t then every solution of (E), (B3) is oscillatory in G.
